
ORIGINAL DESIGN CONCEPT

(1) INFORMATION SIGNAL BAND - WIDTH FROM 300 Hz TO 3.4 kHz,
WHICH IS IDENTICAL TO THE CONVENTIONAL TELEPHONE
BAND -WIDTH

(2) TRANSMISSION AND RECEPTION OF DIGITAL AS WELL AS
ANALOG SIGNALS WITH HIGH TRANSPARENCY

(3) SEAMLESS INTERFACE WITH SIGNALS COMING
CONVENTIONAL TELEPHONE LINES WITHOUT
ADDITIONAL EQUIPMENT
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BREAKTHROUGHS IN SINGLE SIDE - BAND
TECHNOLOGY

(1) REAL ZERO (RZ) DE - MODULATION

o DEMODULATE INFORMATION SIGNAL FROM ZERO - CROSSING POINTS OF RZ SSB SIGNAL

(THIS WAS MATHEMATICALLY STUDIED BY B.F.LOGAN FROM BELL LABS; BSTJ, 56, 4, P.487, 977)

{2} ANTI - FADING TECHNOLOGY EFFECTIVE FOR DIGITAL AS WELL AS ANALOG SIGNALS

o TWO - BRANCH EQUAL GAIN COMBINING DIVERSITY RECEPTION

o RANDOM FM NOISE CANCELLER

'"~
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Information in the Zero Crossings
of Bandpass Signals

By B. F. LOGAN, JR.

lManUSCllpt received OClober 4, 1976)

An interesting subclau 01 bandpa.u si/lnals I1II is desc"'bed wherein
the zero crossings 01 h delcrmine h witllin a multiplicatiue canstant.
The mtmbus may hall/! eonll,'e:c uras. bUI it is neceuary that II slululd
haue no zeros in cammon wilh it.' /lilberl tran.,lorm It atllu than reol
simple zeros. II is Ihen suffieienl tllal the band be leu Ihan an actouc
in IlIidlh. 771c subcla.u i••II/IIlIn to include lull. carrier upper•.,ideband
.i/lnals (II leu than an actaue ball</",idtll). AI.<o it is .,h/lllln tllat lull.
carrier 101Iler·.ideband sicnaL, Ilall/! only real simple ler(lS ([(lr any ratio
01 upper and I,llller Ire(/uencies) and, hencc, arc readi/)' identified by
their uro crossings. /follleuer. under tile mast general conditialls lor
uniqueness. tile problem 01 ac/ually recouering hIram it., 'icn changes
appears to be uery difficult alld impractical.

I. INTRODUCTION

Voelcker and Requicha l raised lhe queslion,among olherl, allo when
a bandpass lignol/I(t) mighl be recovered (wilhin a mulliplicalive
consL1nl) Crom sgn !h(/)I,lhnl is, Crom its 1ero crO"-,ing5. There are really
llYO queslions here lhollhould be lrenled sepnrolely: lhe queslion of
uniqueness and the queslion of recovernbilily. llecoverobililY implies
lh~llhere is on effeclive (stobie) w~y oC recovering lhe lienal Crom lhe
dOla. Uniqueness doel nolalways imply recoverabilily. For example,

U7
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RZ SSB SIGNAL

TIME

--~-~-----------------------------------------------------------------

".... LSS'........ .
fl" ~\-------------------------------

I I,
ICA.RRIER

\ (C)... ~ ~ 1lA... ,
... ,cu(tr ~'..----------------------------------- --- ---. .". •• »

••• REAL ZEROS

Ici > lsi: RZ SSB CONDITION
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BASIC CONFIGURATION OF RECEIVER

+-

IF
SIGNAL

AMPLITUDE FM
LIMITER DETECTOR INTEGRATOR L1NEARIZER~

AF
SIGNAL
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ANTI- FADING TECHNOLOGY

"

PILOT SIGNAL

\ t
'1~' '21~)(tJ.Om(l)
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'1~' '2 /ofl(t) + 8m (t)

i I (fa+f2- f1) La tr(l)

OUTPUT·

A
'------g

~
j
..J

~
0,
..J«g
..J,
8
::>
lJJ

~

Figure 6.3-9 Block diagram of the phase correction circuit of one clement of n
coherent combiner using a pilot.

REPRINTED FROM WILLIAM C. JAKES, "MICROWA VE MOBILE COMMUNICATlONS", IEEE PRESS
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(1) ANALOG VOICE

(2) DIGITAL VOICE

ILLUSTRATIVE APPLICATIONS

NATURAL SOUND
GRACEFUL DEGRADATION

CLEAR BUT ARTIFICIAL SOUND
ABRUPT SILENCE BELOW BER THRESHOLD
SUPPORTS DIFFERENT CODECS SUCH AS VOCODER,
VSELP, PSI - CELP, ETC.

I-

(3) GROUP 3 FACSIMILE

(4) DIGITAL DATA

COPYRIGHT © 1994 NTT

UP TO 9.6 kbps
DIRECT INTERCONNECTION
PREVALENT IN U.S. (9.2 million)

UP TO 19.2 kbps USING VOICE - BAND MODEM EVEN
IN FADING
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LINEAR

AMPLIFIER

RZ SSB TRANSMITTER

T~~E 0 .. I BPF 1 .. I RZ SSB I
DATA . " MODULATOR f--...-I

300 Hz S; B S; 3.4 kHz I I
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RZ SSB SPECTRUM MODULATED BY 16·QAM
WITH 9.6 kbps

~-

hp REF -12.~ dBm

1lZl dBI I I
I,

ATTEN 10 dB

I I -

I ,I II.! I I

*
I
I.,

,- --- I -- - - I-

I I I. I ; ,. ' '
I I
! i

...--. . I i
... ta.I •. I .1 ,

CENTER 151.B917lZl MHz
RES BW 3lZllZl Hz
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VBW 10 kHz
SPAN 5lZl.lZllZl kHz

SWP 1lZl sec
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RZ SSB RECEIVER

~17

RF-IF
~

IF
CONV. FILTER h SELECTIVE AMP.

RANDOM FM NOISE +CANCELLER

~17 COHERENT RZSSB
-0

COMBINER DE - MODULATOR
SELECTIVE AMP. •RF-IF RANDOM FM NOISE--- IF W

CONV. FILTER
CANCELLER

EQUAL GAIN COMBINING DIVERSITY

TONE
OR

DATA
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BER MEASUREMENT EXPERIMENTAL SETUP

PATTERN
VOICE - BAND

-

GENERATOR --- MODEM --- RZSSB
RAYLEIGH ~

TX
TX

FADING - I An 1

(CCITT V.52)

SIMULATOR
1 I

~

( CCITT V.29 )

I
( NJZ - 17E )

-

- -

RZSSB
VOICE - BAND

RX
~ MODEM - BER

.....

RX
COUNTER

-
(CCITT V.29)

>-
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AVERAGE SER FOR 9.6 kbps DATA

1E+0 -
-
-•ill 0

I- o :NON - FADING<t:
a: 0 • : 70 Hz FADING. WITH DIVERSITY

a: 1E-1 •0
-

a: -
a: 0

-
ill

I-
-•CD

ill ~ 0 -
eJ
<t:

lE-2 r •a: 0 -
ill
> -
<t: 0 • -

• -
0 •

l- • • • • -• • • •
lE-3 I

I r. I I I I I

-128 -122 -116 -110 -104 -98 -92 -86

AVERAGE RECEIVER INPUT LEVEL (dBm @ 3 dB NOISE FIGURE)

"'\

..

\..
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SINAD MEASUREMENT EXPERIMENTAL SETUP

SINAD

METER
1---.

RZSSB

RX~
RAYLEIGH

TONE RZSSB
FADING I--GENERATOR TX

SIMULATOR

( NJZ - 17E) (NJZ·339A )
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SINAD VS. SIGNAL TO NOISE RATIO

6010 20 30 40 50

SIGNAL TO NOISE RATIO (dB)

o V I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

o

10

50 iii Iii iii iii iii iii iii iii i A iii i i

40 I- / 0 0
0

0

<> <> <>-m 30"C- r /0 • • • ••
0 I /' .
«z
C/) 20

o :NON· FADING
o :40 Hz FADING, WITH DIVERSITY
• : 70 Hz FADING, WITH DIVERSITY
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SELECTIVITY MEASUREMENT EXPERIMENTAL SETUP

1. SET LEVEL FOR 12 dB SINAD WITH NO INTERFERENCE - NOTE LEVEL

2. INCREASE LEVEL BY 3 dB

~.

"' ......

TONE RZSSB
~

ATT
~

RZSSB SINAD
COUPLER

GENERATOR TX #1 RX METER

/

1i
RF SIGNAL r--- ATT

GENERATOR #2

(R 4262) ,.. ...
.~

3. APPLY LEVEL OF INTERFERENCE UNTIL 12 dB SINAD IS REACHED AGAIN
lEC STANDARD (PUBLICATION 489 - 5, 1987 )
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SELECTIVITY MEASURED BY TONE SIGNAL

70 (dB)

'11..--------------------- 60-------------------{-r
! \ 50 /0 :

1°\ 40 /:

, 0
,
, 0

30

··: ~~ ,, '· .
I I I I I I I i

- 2.5 - 2.0 - 1.5 0 + 1.5 + 2.0 + 2.5

FREQUENCY OFFSET ( kHz)

.-
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COCHANNEL INTERFERENCE PROTECTION RATIO
MEASUREMENT EXPERIMENTAL SETUP

- RADIO SYSTEM

1. SET LEVEL FOR 1 % BER WITH NO INTERFERENCE - NOTE LEVEL
2. INCREASE LEVEL BY 30 dB

3. INCREASE LEVEL OF INTERFERENCE UNTIL 1 % BER IS REACHED AGAIN
RCR STANDARD (RCR STD - 27B )

. '1.
PATIERN VOICE - BAND

ATI RZSSBRZSSB ---.. ~ COUPLER
RX

GENERATOR --- MODEM
TX #1 #1

#1 TX #1
/ ,

(CCITI V.52)

VOICE - BAND

~
MODEM

RXPATIERN VOICE- BAND
ATIRZSSB

~ ,GENERATOR f--- MODEM
TX #2 #2

#2 TX #2
I .....

BER"0: ~~( CCITI 0.151 ) ..
COUNTER'0'

II
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COCHANNEL INTERFERENCE PROTECTION RATIO
MEASUREMENT EXPERIMENTAL SETUP

- WIRED SYSTEM

1. SET NOISE LEVEL FOR 1 % BER WITHOUT INTERFERENCE
2. DECREASE NOISE LEVEL BY 30 dB

WHITE NOISE
'.' ~

GENERATOR
f---- LPF H ATI:

I
( IS • 102 ) B S 3.4 kHz

PSOPHOMETER1
PATIERN - VOICE - BAND

(AD-9430) -
GENERATOR #1 '--- BPF ADDER

MODEM TX #1
~

(CCITI V.52)
300 Hz S B S 3.4 kHz r 1

LEVEL METER l
.1f (AD • 4730B )

PATIERN VOICE - BAND
VOICE- BAND

GENERATOR #2
f--- ~ BPF -I ATI l MODEM RX

MODEM TX #2
I .

).151 ) 300 Hz S B S 3.4 kHz ~..
j

BER
i

COUNTER
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COCHANNEL INTERFERENCE PROTECTION RATIO.
AND SIGNAL TO NOISE RATIO FOR VARIOUS

VOICE • BAND MODEM SIGNALS

BIT RATE (kbps) 9.6 7.2 4.8

MODULATION
16-QAM 8-QAM 4-QAM 8-PSK

METHOD

•
• • 4

• •
SIGNAL • • • • -

CONSTELLATION • • • • • •• • ~

4

CIPR FOR
RADIO 17.7 14.7 10.3 14.5

1 % BER (dB)
WIRE 16.8 13.2 9.1 14.8

SNR FOR
RADIO 17.4 14.2 10.2 13.8

1 % BER (dB)
WIRE 16.4 13.1 9.1 13.5

~
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KEY DESIGN ISSUES WITH NARROW BAND RADIOS

t-

PROBLEM

(1) AMPLIFIER LINEARITY

(2) FREQUENCY STABILITY
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SOLUTION

CARTESIAN FEEDBACK PA

DIGITAL TCXO
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VOICE CODERS FOR JAPANESE DIGITAL
CELLULAR SYSTEM

(1) FULL - RATE CODER : 11.2 kbps VSELP

· DEVELOPED BY MOTOROLA

• 11.2 kbps = 6.7 kbps ( SPEECH CODING) + 4.5 kbps ( ERROR PROTECTION)

(2) HALF - RATE CODER

· DEVELOPED BY NTT

5.6 kbps PSI - CELP

(KAZUNORI MANO et al. I ,. DESIGN OF A PSI - CELP CODER FOR MOBILE COMMUNICATIONS",

PROC. IEEE WORKSHOP ON SPEECH CODING FOR TELECOMMUNICATlONS, PP.21 - 22, OCT. 13 - 15, 1993)

• 5.6 kbps = 3.45 kbps ( SPEECH CODING) + 2.15 kbps ( ERROR PROTECTION)
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SPEECH QUALITY COMPARISON BETWEEN
VSELP AND PSI-CELP

GROUP 1

CD ORIGINAL SPEECH

® VSELP UNDER BER =0 %

@ PSI - CELP UNDER BER =0 %

GROUP 2

@) VSELP UNDER BER =1 %

® PSI - CELP UNDER BER = 1 %

GROUP 3

® VSELP UNDER BER =3 %

(j) PSI - CELP UNDER BER =3 %

~
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SUMMARY OF RZ SSB TECHNOLOGY

(1 ) EXTREMELY SPECTRUM EFFICIENT

(2) WIDE RANGE OF APPLICATIONS

(3) TRANSPARENT CHANNEL EVEN IN FADING

(4) FIELD - TESTED TECHNOLOGY

(5) ALL NECESSARY DEVICES EXIST

(6) COST COMPARABLE TO EXISTING SYSTEMS

(7) APPLICABLE TO PORTABLE UNIT

(8) APPLICABLE TO TIME DIVISION DUPLEXING ( TDD) SYSTEM,
ALLOWING DUPLEX OPERATION IN A SINGLE CHANNEL

COPYRIGHT © 1994 NTI
NTT~


